 ..............................................................................................................................3   SUMMARY..................................................................................................................................... 
OBJECTIVES
The purpose of building the simulation model in a commercial software package in FY-2001 is to add thermodynamic equilibrium to the simulation capabilities of the INEEL HLW Program. The modeling of INEEL SBW vitrification is currently performed with linked EXCEL spreadsheets and lacks a physical properties database. The objective for FY-2001 is to perform basic mass and heat balances on individual unit operations and around the entire treatment train. Having an integrated model with a thermodynamic database will increase the ability of INEEL engineers to assess the system-wide impacts of local changes at individual unit operations. Such capability will help to reduce the life-cycle schedules and costs of HLW projects, which is imperative given the Settlement Agreement commitments and shrinking DOE budgets. There is currently no funding for an integrated pilot plant demonstration of the treatment train, which increases the role of process simulation. Refinements to the physical properties database and unit operation models are planned for the out-years to support future optimization efforts and detailed design of SBW treatment.
Simulation results will be used by engineers and scientists to develop higher-level recommendations for DOE-ID and INEEL program managers regarding the treatment of HLW. As such, it is expected that technical personnel will be the primary end-users of the simulation results, and program management will be an indirect end-user. Simulation will not be used as a formal part of waste form qualification . The reader can refer to Barnes, Lauerhass, Nichols, and Taylor (2000) to learn how the simulation efforts of this project being performed in FY-2001 relate to the project's entire scope and objectives.
SUMMARY
Three potential process configurations will be modeled in the simulator in FY-2001 . These are shown in Figure  I . All differences between the three configurations reside in the offgas treatment section of the process train. The three configurations were selected to form a reasonable set of unit operations to help assure that INEEL will have models for the process configuration eventually chosen for direct vitrification of SBW. SRS engineers will build three models in the commercial simulation package, one for each configuration. Table I describes the details of the individual unit operations. A brief overview of each operation is provided, along with the natural phenomena involved, how the phenomena are currently modeled in INEEL's spreadsheet model, the modeling approach SRS plans to use in FY-2001, and constraints/targets. Table II describes the modeling approaches possible for each of the phenomena mentioned in Table I .
Representative compositional makeups of several streams are given in Tables III -VI. The amount of stream information is provided not to over-constrain the simulation results but rather to facilitate a step-wise construction of the unit operations and debugging. to Table II) Constraints/Targets
TABLES

Noxidizer Reduction Chamber
Purpose: Reduce NOx to N2 Phases:
Gas, liquid (fuel) Primary Species: Gas -N2, NO, NO2, O2, CO2, CO, H2, Hg, HgCl, HgCl2, HgO, various Notes: 1 -"O" is the default designation for "not modeled" -there is no "O" modeling approach entry in any of the phenomena listed in Table II ; 2 -The changeout frequency of a HEPA depends on the PSD of the gas, and the impact of the PSD increases dramatically if it includes the submicron range. Consequently, we will not attempt to theoretically determine the PSD of gas streams until there is evidence that the melter off gas includes significant quantities of solid particles or liquid droplets in the submicron range; 3 -only one of unit operations #8 and #11 will be used, not both.
TABLE II: PHENOMENA MODELING APPROACHES
Approaches Important Parameters Adsorption
This involves physical (reversible) and chemical (usually irreversible) adsorption.
B. (Gray Box 1)
-An isotherm (such as Freundlich or Langmuir) is used to correlate the solid phase mass ratio (solute/sorbent) to the equilibrium solute concentration -The Thomas kinetic equation is developed from the isotherm to estimate effluent solute concentration based upon influent solute concentration, rate constant, maximum solid phase mass ratio, mass of sorbent, throughput volume, and the flow rate. This involves the coupling of three fundamental phenomena: -Homogeneous nucleation of particles (liquid or solid) from a supersaturated gas -Heterogeneous nucleation/condensation of vapor from a supersaturated gas on an existing aersosol -Agglomeration growth of an aersol under the influences of shear and Brownian diffusion An aerosol containing a condensable vapor is cooled to a saturation ratio above 1.0. The vapor changes phase to liquid or solid, either through homogeneous nucleation or through condensation on preexisting particles. All particles grow by collision and agglomeration through the mechanisms listed above. As a result of the particles' growth, their collectability and/or deposition tendency change.
A. (White Box)
-The aerosol PSD is represented as a discrete function of spatial position, time, and particle size, n(xi,t,dp) -A general dynamic equation (GDE) for the discrete function 'n' is written with terms to account for diffusion, advection, condensation growth, agglomeration growth diffusion account, and particle body forces -Suitable functions are used to represent source terms in the GDE -The GDE is solved numerically for n TBD B. (Gray Box) -Approximate the GDE by retaining only the terms for coagulation and condensation -Assume a similarity solution ("self-preserving" PSD) and develop estimates the required terms in the GDE -Solve the resulting equation for N∞(total particle concentration) and hence for n(dp) via the assumed self-preserving functional form TBD C. (Black Box) -Assume that aerosol growth dynamics result in a PSD of known form (e.g., log-normal, bi-modal dm,σ: Parameters which describe a standard PSD (mean particle diameter and standard deviation of a log-normal distribution) Approaches Important Parameters log-normal, etc.) -Obtain key parameters in the assumed PSD from measurements, assumption, etc. (e.g., mean particle diameter and standard deviation of a log-normal distribution)
-Assume that aerosol growth ceases after the above form is reached Finite-rate heterogeneous (or catalytic) chemical reaction Chemical species present in a fluid (gas or liquid) diffuse to the surface of a second phase (liquid or solid), react at a finite rate, and are consumed to form other chemical species. Concentrations of all affected species change in the mixture with time as they are produced or consumed and diffuse to and from the bulk fluid at finite rates. The multi-dimensional (continuum) aspects of the underlying fundamental phenomena are collapsed into a lumped-parameter form that is assumed applicable throughout the reaction region.
-Use approach A. (White Box 1) under Viscous single-phase flow with volumetric sources to simulate advective diffusion within the fluid.
-Represent the phase interface(s) as boundaries in the computational mesh with appropriate boundary conditions representing heterogeneous/catalytic rate expressions appropriate for the interfaces.
-Calculate overall reaction rates and average outflow compositions and flow rates by numerical integration over appropriate surfaces in the computational mesh. List of all species that are likely to be present in the 3-phase system Gas phase chemical equilibrium A gas mixture has had sufficient time for all species in the mixture to reach thermodynamic equilibrium at the temperature and pressure of the mixture.
A. (White Box) -Calculate non-ideal solution gas phase fugacity coefficients using an appropriate model (e.g., generalized non-ideal gas equation of state).
-Identify chemical reactions likely to occur and products likely to be formed -Calculate species partial pressures by minimization of Gibbs free energy subject to stoichiometric constraints for reactions and products identified as likely to occur ω, Bij: Accentric factor, virial coefficients for bimolecular intereactions between gas species present Heat transfer between two nondisperse phases Two phases are present in a region with neither phase disperse. A geometrically definable interface exists between the phases and heat flows across the interface from the higher-temperature to the lowertemperature region. Phase change may occur at the interface resulting in mass transfer between phases. Intraphase mass transport between the interface and the bulk of any fluid phases present may occur.
Approaches
Important Parameters
Heat may also be exchanged between the two phases and the boundary of the mixing volume. C. (Black Box) -(TBD)
Interphase heat transfer with one phase disperse A liquid and a gas phase flow into a finite mixing volume at different temperatures and intermingle. Heat flows from the higher-temperature phase to the lower-temperature phase causing each phase to exit at a different temperature from its inlet. If water is present in either the liquid or the gas phase, condensation and/or evaporation may occur resulting in changes to the mass flow rates of the two phases. The impact on mass flow rates from phase change of species other than water are assumed negligible. Heat may be exchanged with the mixture at the boundary of the mixing volume. -Assume each phase is well-mixed and that a single length scale can be used to characterize the temperature gradient between phases.
-Use the HTU method to calculate the overall heat transfer rate between the gas and liquid. Estimate gas-side and liquid-side H values using correlations from the literature which relate these parameters to other dimensionless groups calculated from macroscopic operating parameters (e.g., liquid and gas flow rates, gas and liquid phase transport properties, geometric ratios, etc.)
-Calculate the heat exchange with the wall based on the local phase temperatures and the heat transfer coefficient -Limit phase temperatures so that metastable states are not allowed (i.e., subcooled vapor or superheated liquid) if water is present. When appropriate assume a saturated interface separates the phases.
-Assume 1-D flows of each phase (co-or countercurrent). Then use the calculated local interphase and wall heat transfer rates, and a simple energy balance to calculate changes of temperatures and mass flow rates of gas and liquid with position in the mixing volume. -Assume complete thermal equilibration is achieved between gas and liquid (including the effect of heat transfer at the boundary) as they exit the mixing volume.
-Using an appropriate wall heat transfer coefficient, a simple energy balance, the latent heat of water, and the specific heats of the liquid and gas phases calculate the exit temperatures and mass flow rates of each phase. -Assume each phase is well-mixed and that a single length scale can be used to characterize the concentration gradient between phases.
-Use the HTU method to calculate the overall mass transfer rate between the gas and liquid. Estimate gas-side and liquid-side H values using correlations from the literature which relate these parameters to other dimensionless groups calculated from macroscopic operating parameters (e.g., liquid and gas flow rates, gas and liquid phase transport properties, geometric ratios, etc.)
-Calculate limiting species concentrations based on VLE.
-Assume 1-D flows of each phase (co-or countercurrent). Using calculated local interphase diffusion rates and thermodynamic limits on phase concentrations calculate the 1-D variation of species concentrations in each phase. -Assume complete thermodynamic equilibration between gas and liquid as they exit the mixing volume.
-Calculate exit temperatures and mass flow rates for gas and liquid using suitable interphase heat transfer model.
-Calculate species concentrations in separate phases using vapor/liquid equilibrium model. 
Liquid filtration
A colloidal mixture of a liquid with suspended particules undergoes solid/liquid separation by passing through a filter medium. Particles are trapped by the filter medium and thus removed from the liquid Approaches Important Parameters by one or more of the following mechanisms: -Sieve effect of filter medium -Sieve effect of accumulated filter cake The second mechanism results in increasing particle collection efficiency as solids accumulate in or on the filter. It also results in increasing pressure drop across the filter due to increased flow resistance. In the cross-flow variant of liquid filtration the filter cake is continually scoured from the filter surface by the liquid, which flows parallel to the surface of the filter. In this case the liquid flow parallel to the filter ing surface is generally many times greater than the flow of filtrate through the filter.
Typically, the details of the fundamental processes described are not modeled. Particle collection efficiencies as functions of particle size are provided by the filter medium vendors or by testing with standard colloidal solutions.
A. (White Box) B. (Gray Box) -Use particle removal efficiency correlation appropriate for the type of filter used -From the initial size distribution of particles in the liquid and the removal efficiencies obtained from the correlation calculate the size distribution and overall mass loading of particulate in the filtrate PSDp: Initial droplet size distribution in the inlet gas ε(dp,…):
Correlation of particle collection efficiency with particle size and macroscopic parameters C. (Black Box) -Apply an empirically derived overall mass removal efficiency to the gas stream to determine total solids loading as filtrate exits the filter fi:
Overall removal fraction for particles from the liquid
Liquid phase chemical equilibrium
A liquid mixture has had sufficient time for all species in the mixture to reach thermodynamic equilibrium at the temperature and pressure of the mixture.
A. (White Box)
-Calculate non-ideal solution aqueous phase activity coefficients using an appropriate model (e.g., NRTL, Pitzer, etc.).
-Identify chemical reactions likely to occur and products likely to be formed -Calculate species concentrations by minimization of Gibbs free energy subject to stoichiometric constraints for reactions and products identified as likely to occur γi: Activity coefficients for aqueous phase species at temperature(s) and pressure(s) of interest List of all species that are likely to be present
Mist removal
A gas laden with liquid droplets forced to flow tangentially into a cylindrical vessel and then parallel to the cylindrical axis through a fine mesh structure (usually constructed of woven metal or an inert material such as fiberglass, Kevlar, etc.). Larger liquid droplets impinge on the cylindrical wall due to centrifugal force. Smaller droplets follow the gas flow through the mesh structure where most are collected by one or more of the following mechanisms: -Sieve effect -Brownian diffusion within gas phase to liquid boundary Approaches Important Parameters The second mechanism occurs by virtue of the mesh structure being coated with a layer of liquid. The gas bubbles through the liquid layer after being dispersed into tiny bubbles as it passes through the mesh. As the gas bubbles pass through the liquid layer the finest particles can diffuse to the spherical surfaces of the bubbles and be collected by the HEME, despite their size being below what would be collected by the sieve effect.
Typically, the details of the fundamental processes described may not all be modeled. Overall particle collection efficiencies may typically be provided by HEME mesh vendors as a function of particle size, mesh fineness, and gas/liquid and flow ratio. -Use particle removal efficiency correlation appropriate for the type of mesh used -From the initial size distribution of particles in the gas and the removal efficiencies obtained from the correlation calculate the size distribution and overall mass loading of particulate in the exit gas PSDp: Initial droplet size distribution in the inlet gas ε(dp,G/L): Correlation of particle collection efficiency with particle size and gas/liquid flow ratio C. (Black Box) -Apply an empirically derived overall mass removal efficiency to the gas stream to determine total solids loading as gas exits the collection device fi:
Overall removal fraction for particles from the gas stream
Particle collection by wet electrostatic precipitation
A gas laden with particles is mixed with a water mist and then flows through an electrical corona discharge region resulting in charging of the particles (liquid and solid) through contact with ions produced in the corona. The gas and particles then flow into a vessel parallel to electrically charged collection plates. The particles migrate toward those plates having a charge opposite that on the particles and are collected on the plates. The effect of the deposition of liquid particles on the plates is to provide a continuous washing film of water flowing down the plates and resulting in the deposited solid particles moving down in the liquid film to a collection tank. The tank is also periodically emptied.
Typically, the details of the fundamental processes involved in this unit operation may not all be modeled. Overall particle collection efficiencies may typically be provided as functions of the macroscopic operating parameters (e.g., solids loading in the inlet gas, corona charging current and voltage, collection plate charging voltage, gas flow rate, plate washing frequency, etc.).
A. (White Box)
-Calculate electric field strength between collection plates based on applied voltage and dielectric properties of gas -Calculate migration velocities of particles in collection region, based on particle size, composition, charging voltage, residence time in charging region, electric field strength, etc.
-Calculate particle collection efficiencies as a function of particle using migration velocity and gas residence time in collection region -Use vendor-supplied correlation of particle removal efficiency as a function of WESP operating parameters such as gas velocity, particle characteristics (mean size, composition, etc.), gas velocity, applied voltages to corona and plate regions, etc.
-Calculate the fraction of particles that are removed and the resulting exit particle loading in the gas. f(dp,V,Q,…): Vendor-supplied correlation of particle removal efficiency as function of operating parameters (dp, V, Q, etc.)
Approaches Important Parameters C. (Black Box) -Apply an empirically derived or vendor-supplied overall mass removal efficiency to the gas stream to determine total solids loading as gas exits the collection device fi:
Overall removal fraction for solids from the gas stream
Particle collection by sedimentation
Solid particles suspended in a fluid (gas or liquid) migrate through the fluid under the action of a body force (e.g., gravity, centrifugal force, etc.) in a collecting device (e.g., a settling tank, packed bed scrubber tank, cyclone, centrifuge, etc.) onto a collecting surface. (In a packed bed gas scrubber the surface would be the liquid on the surface of the packing material). The particle concentration in the fluid decreases as the fluid passes through the collecting device. -Use approximate correlations of particle deposition efficiency vs macroscopic flowfield and particle parameters (e.g., characteristic flowfield dimension, "slip" velocity, particle size, particle density) -Using the particle size distribution calculate the mass deposition rate on the boundary and the final particle loading the fluid stream This involves the coupling of three fundamental phenomena: -Viscous single-phase flow with volumetric sources -Brownian diffusion of particles from bulk gas to a sink -Particulate removal by sieve action A gas containing an aerosol is forced through a fibrous medium. Particles in the gas move with the gas by advection and within the gas by Brownian diffusion. The surface of the fibrous medium is assumed to be a sink for particles (i.e., zero particle concentration in the gas exists at the surface) and the particles diffuse toward the medium by virtue of the concentration gradient. As the gas move through the medium the concentration of particles is depleted according to the total residence time and diffusion behavior of the gas.
Typically, the details of the fundamental processes above are not all modeled. Overall particle collection efficiencies are typically provided by filter medium vendors as a function of particle size (and sometimes pressure drop through the fiber).
B. (Gray Box)
-Use particle removal efficiency correlation appropriate for the type of filter medium being used -From the initial size distribution of particles in the gas and the removal efficiencies obtained from the correlation calculate the size distribution and overall mass loading of particulate in the exit gas PSDp: Initial particle size distribution in the inlet gas ε(dp,∆p):
Correlation of particle collection efficiency with particle size and pressure drop C. (Black Box) -Apply an empirically derived overall mass removal efficiency to the gas stream to determine total solids loading as gas exits the collection device fi:
Overall removal fraction for solids from the gas stream Solid/liquid equilibrium Dissolved species in a liquid remain in solution if it is thermodynamically favorable to do so. Otherwise, separate solid phases precipitate, each composed of the pure molecular or ionic forms of the constituent species (molecular or ionic) in solution. Such precipitation proceeds until the species in the solid and liquid phases reach thermodynamic phase equilibrium at the temperature and pressure of the mixture.
A. (White Box)
-Calculate non-ideal solution aqueous phase activity coefficients using appropriate models (e.g., NRTL for aqueous phase, generalized correlations for aqueous phase).
-Assume each precipitated solid is a pure substance at the temperature and pressure of the mixture.
-Calculate species concentrations in solid and liquid phases by equating fugacities of each specie in solid and liquid phases.
fi S (P,T): Fugacity of each solid specie at temperature(s) pressure(s) of the mixture.
γi:
Activity coefficients for aqueous phase species at temperature(s) and pressure(s) of interest fi (P,T): Standard state fugacity of each liquid phase specie at temperature(s) pressure(s) of the mixture.
∆Ho:
Ideal heat of reaction -the heat of reaction when each of the reactants and products is in the limiting state where it approaches ideal behavior. This parameter is needed for each chemical reaction and each phase change -i.e., each equilibrium constant. Ideal heat of reaction -the heat of reaction when each of the reactants and products is in the limiting state where it approaches ideal behavior. This parameter is needed for each chemical reaction and each phase change -i.e., each equilibrium constant.
(species):
List of all species that are likely to be present in solid & liquid phases Approaches Important Parameters C. (Black Box) -Use species-specific removal factors to partition gas phase components to solid and liquid phases fi:
Liquid phase partition fractions for all species assumed to precipitate Solid/liquid chemical equilibrium
In a liquid mixture all species present in the liquid phase react to form compounds as a result of a specified set of reactions. In addition, electrolytes dissociate into their component ionic species. The species within the liquid phase reach thermodynamic chemical equilibrium at the temperature and pressure of the mixture (this assumes that sufficient time is provided for full equilibration of all reactions).
Dissolved species in the liquid remain in solution if it is thermodynamically favorable to do so. Otherwise, separate solid phases precipitate, each composed of the pure molecular or ionic forms of the corresponding species (molecular or ionic) in solution. Such precipitation continues until the species in the solid and liquid phases reach thermodynamic phase equilibrium at the temperature and pressure of the mixture.
A. (White Box)
-Calculate species concentrations in the liquid phase by minimization of the mixture Gibbs free energy subject to the following constraints:
⋅ Changes in species amounts are related by the stoichiometric coefficients in a set of linearly independent reactions which represent all reactions that can occur between the species which are present ⋅ The total amount of each specie present (in both phases) is the amount initially present plus the changes in the amount of that specie that occur by virtue of all the reactions and their corresponding extents Approaches Important Parameters temperature in the sublayer is determined by heat transport within the bulk fluid to the region near the boundary. This intrafluid transport is driven by velocity and thermal gradients. The boundary is assumed to have sufficiently high thermal mass and conductivity that it can be treated as an infinite sink at constant temperature.
Typically, the details of the fundamental processes above are not all modeled. Macroscopic models have been developed which correlate the heat transfer rate between the fluid and the wall with macroscopic parameters (e.g., Re, Pr, etc.) Chemical species present in one or more homogeneous streams flow into a mixing volume and mix before leaving in a single, blended stream. Mixing occurs at both macro and micro scales at finite rates. Chemical species diffuse through the mixture and are produced or consumed by volumetric sources (e.g., chemical reactions). The composition of the exit stream varies spatially and temporally according to the mixing and volumetric sources within the mixing volume. -Develop correlation for mixing rate as explicit function of key macroscopic parameters (e.g., massspecific power input).
-Compare mixing rate (at infinite reaction rate) with reaction rate (at infinite mixing rate) to determine which mechanism is limiting.
-Calculate outlet concentrations on basis of step determined to be rate-limiting -Assume perfect mixing of all streams and calculate composition of exit stream by simple mass balance
Submicron particle collection by steam condensation
This involves the coupling of three fundamental phenomena: -Viscous single-phase flow with volumetric sources -Nucleation and growth of droplets from subcooled steam -Particle impingement due to inertia A gas containing an aerosol is accelerated through a venturi. A high-pressure jet of steam is throttled into the flowing gas. The expanding steam cools to below the saturation limit and condenses preferentially on the surfaces of the particles in the gas stream causing them to grow in size. Intense mixing of the supersaturated steam, droplets, and particles enhances their growth an coalesce. The growth of the smallest particles results in their being collectible by inertial methods downstream of the condensation region (e.g., by cyclonic action or by passage through a high-efficiency mist eliminator).
Typically, the details of the fundamental processes above are not all modeled. Overall particle collection efficiencies have been correlated to macroscopic parameters such as mass specific energy input of the steam jet.
B. (Gray Box)
-Use vendor-or EPA-supplied correlations of particle collection efficiency with operating parameters: particle size, mass-specific energy input, etc.
-From the initial size distribution of particles in the gas and the removal efficiencies obtained from the correlations calculate the size distribution and overall mass loading of particulates in the exit gas PSDs: Particle size distribution and overall solids loading the inlet gas ε(dp,e):
Particle removal efficiency correlation with particle size and mass-specific energy input C. (Black Box) -Apply an empirically derived overall mass removal efficiency to the gas stream to determine total solids loading as gas exits the collection device fi:
Transient thermal conduction
A solid body at one temperature is immersed in a fluid (liquid or gas) at a different temperature. Heat Approaches Important Parameters flows to or from the solid across the its boundary by virtue of the temperature gradient. As heat flows to/from the solid the temperature inside the solid body changes with time until thermal equilibration between the solid and fluid is achieved.
Two-phase flow with heat transfer
Liquid flow and vapor flow in the same space and undergo phase change with water the principal specie moving between the phases. Heat transfer between the wall and the liquid and/or the gas may influence the evaporation or condensation of water. The dynamics of the flow (e.g., the effective friction factor and pressure drop in pipe flow, the effective liquid and vapor wall heat transfer coefficients, etc.) are influenced by the presence of the second phase and by the phase changes. In a liquid and gas mixture all species present reach a state of thermodynamic equilibrium between its gaseous and liquid forms is also achieved for each specie between its liquid and gaseous forms (this assumes that sufficient time is provided for full equilibration of all species between the liquid and gas phases).
A. (White Box)
-Calculate non-ideal solution aqueous phase activity coefficients and gas phase fugacity coefficients using appropriate models (e.g., NRTL for aqueous phase, generalized correlations for aqueous phase).
-Calculate species concentrations in gas and liquid phases by equating chemical potentials (partial molar Gibbs energy) of each specie in gas and liquid phases.
σi:
Fugacity coefficients for gaseous phase species at temperature(s) pressure(s) and composition of the mixture γi:
Activity coefficients for aqueous phase species at temperature(s) pressure ( -Use species-specific factors to partition species between gas and liquid phases fi:
Phase partition fractions for all species assumed to be present Vapor/liquid chemical equilibrium Approaches Important Parameters In a liquid/gas mixture all species present react to form a specified set of compounds as a result of a specified set of reactions. In addition, electrolytes dissociate into component ionic species. The species within the liquid and gas phases reach thermodynamic equilibrium at the temperature and pressure of the mixture (this assumes that sufficient time is provided for full equilibration of all reactions). Equilibrium is also achieved for each specie between its liquid and gaseous forms, and (in the case of an electrolyte) between its molecular and dissociated forms.
A. (White Box)
-Calculate species concentrations in gas and liquid phases by minimization of the mixture Gibbs free energy in the gas or the liquid phase subject to the following constraints:
⋅ Changes in species amounts are related by the stoichiometric coefficients in a set of linearly independent reactions which represent all reactions that can occur between the species which are present ⋅ The total amount of each specie present (in both phases) is the amount initially present plus the changes in the amount of that specie that occur by virtue of all the reactions and their corresponding extents ⋅ The chemical potentials (partial molar Gibbs energy) of each specie in gas and liquid phases are equal.
σi:
Activity coefficients for aqueous phase species at temperature(s) pressure(s) and composition of the mixture Phase partition fractions for all species assumed to be present
Venturi scrubber particle collection
This involves the coupling of five fundamental phenomena: -Viscous single-phase flow with volumetric sources -Particle motion in a moving fluid -Liquid atomization and droplet breakup under shear -Aerosol agglomeration -Particle impingement due to inertia Two streams, a gas stream containing solid particles, and a liquid stream which is broken into a stream of liquid droplets, flow together through a constriction (venturi) in the flowfield. The only significant effect of the particles on the gas is to slightly increase its effective density and the gas behaves essentially like a single phase fluid. The liquid droplets are generally much larger than the solid particles in the gas. Because of their larger size the liquid particles accelerate and decelerate more slowly than the smaller, solid particles which are swept along with the gas. A significant fraction of the solid particles collide and coalesce with the larger, liquid droplets because of the difference in their velocities. The droplets containing the solid particles are eventually swept downstream and are collected by passage of the gas through a knock-out drum and mist eliminator.
Typically, the details of the fundamental processes listed above are not all modeled. Macroscopic models have been developed which correlate solid particle collection efficiencies to particle size and scrubber operating parameters such as the pressure drop through the venturi.
B. (Gray Box 1)
-Calculate a representative velocity difference between particles and droplets, a particle diffusion coefficient, and a characteristic time for agglomeration -Calculate the rate of particle deposition on droplets as a function of particle size from inertial and Brownian diffusion mechanisms -Calculate the fraction of particles of each size that are removed and overall DF for VS.
PSDw: Size distribution of water droplets
PSDs: Size distribution of solid particles
∆V:
Velocity difference between large & small particles D(dp): Particle diffusion coefficient as function of particle size C. (Gray Box 2) -Use a textbook correlation of particle removal efficiency as a function of dp and VS operating parameters such as ∆p -Calculate the fraction of particles of each size that are removed and overall DF for VS. Acid Fractionator •= Bottoms stream is 10 M nitric acid Melter •= Steady-state glass production rate of 127 kg/hr •= Glass waste loading -30% wt. of the glass is composed of nonvolatile species in the waste on an oxide basis (a representative glass composition is shown in Table V) •= A limit of 33% Fe+3 to Fe+2 reduction determines the amount of sugar
[C6H12O6] added (this corresponds to about 141 g sugar per liter of waste) •= Frit will comprise 70% wt. of the glass, and its composition is as shown in Table V . Notes: 1) Offgas trains were constructed to envelope the unit operations of Hanford, Savanna River, and West Valley. To visualize a given train (#1, 2, or 3) follow the dark arrows which trace the sequence of unit operations treating the offgas for that train. Cross-connections between trains indicate common components. 2) Shaded boxes represent unit operations common to all three offgas trains. 3) Numbers in brackets refer to unit operation descriptions in Table I.  4) represents gas stream; represents liquid stream; represents solid stream.
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FIGURE I: PROCESS CONFIGURATIONS
